VE P sl

YAY-YYS o

Sl (S A g S5 g pken SNy Slauly Ly
SWAT L ka8 50T 0] 5 53 S350 3ludue

(DWW 5l 0 9 1655 30 anlllas)

.\@‘,L“a

AARRVAYZR) eV OPs i gk

d\).ﬂ ‘CJ{ 4Q|J.€5 oli.f;.?l: @:..b cLﬁ 0 1Cisls ‘L;J]J}‘.‘.i-.‘»]- L Al r)l.c L§Jz§> Lg)z&;b f(Su\-w‘ﬁ\? 4'.‘."‘&)" ’:’

Ol oS O oKl b e saSails ity ¢ Glolugs o S| Jo o

Ol 8 F O E b e s c50alaS psle oty 5T 5 5 eaStils okl s 8 £\

sl

Ol S Ol oty b s euStils lalnal ¢ )8ES" Loy

Ol OLgs csls T 5 STl cblim 0uSin sty slul $6 )l 48 3 goen %

Ol u')lfjf 4C}l§)? s CLA 5 SooskaS r)l.c oLl Lgﬂ)).;:’qT) & oaSlisls Ll Su:"-\l\-w )-:"‘ X

(Jae pl ool o 6ol ] ble> Sleladl )....b ok 9 w859 (6 3lwad sla Jow SR 5 I SWAT Jas
509,5 loy (ogpie Cutle oy ol (HRUS sloul ol jo a8 Jl> 10 aigis oo bl e g S o 0l i dgnl s 0,18
b Slawlre SIS s 5l Keal 5 55 ssul sloojem (s 5lwdnds 5l 0,505, ol dips co Cawd 5l 1) 055 Sl Cuxdge
‘&1 3o Lbo..\.uyi 9 gy ‘gu‘j) P e GL‘:’U"’S) w.?U)J‘ Gal.v))‘ 9 ‘_,’.,bulS.a PRV 4.7uL..‘> Lol .ol )JJJLI ul.uo-‘ &.A.l-c‘ F)
S Jie gl g, Sl canlllae ol 5l Baw o lo &g ,0 HRUS 8.80 S (106 aseide il S 65 U agio asg>
GIS ;o adgl sla il i plosl b o bg,y ol 50 05 Jow o lasbinl el b T by (s5lodad gl avslio g HRUS (0505
30 Jde o 29,5 dnlie gl 0 iy 28 SIS asein g Jae HRUS (S sloasly 4y 03 4y juastie solasl aiass g
g 9l oo alin [lus uls @S ol yLis b 55wl oje> (sl (Jow o lasliwl) oseie HRUS cll> L SISe HRUS cll>
5 by, @S-35 o o o laibiwl s olwln Jaw g1zt [0 05 cad odalive Joo sl 29,5 10 (5l cire Dol
IEN 5 IVY o gy S HRUS (wlwlyy Jow slizl j0 g +/8F 5 < IV (ol jay aidgm (29,5 50 0ond (g5l g

g ol Soglhe o cagpis HRUS 5,500, 4y Cond sblas laladl b 86 5 ade> Sl

s HRUS (2 e laladl ( Sy50s 00 ey ooy SWAT _Sy5sls,iem Jos (il 5501 035> 2sualS” 0851

Email: aknazari@ut.ac.ir CAVYYEFYE ) :oled o,lads : Jgtumn odimngs *



\f’\ uLMM)lJ Y O)LAJ:J AN 0)56 ‘Q‘)J‘ ‘57.....]9 éJLnA dlm‘6)|o]m]5 é‘)"

bl g s 5 S o ol idie olsl s HRUs
S o5 ASg> 8 )0 0,5 g0 (S )5 Lyt aS
Wlgi go bl s ot b )5 39y 0l o s o0
s Laasly opl az 51 0SS 1) HRUS slass
Slalna IS S5ege 5 (53 Jbe b (5 jlosl
s LS 50 o by e L5 51 Lol SisS e S
(HRU) Sl (2515 asly oz S0 ol 40
S i 30 Gl by SIS )5 L
45,5 5 5 HRU ) lyie 4 aodgm s o5y chlies
HRUS slx! o ailiw] zlaws (pond b ogdle 45 .aigas oo
ot et il lme CBHRU SlSe Copxbge ol
HRUS (0555 o3 & i (S (ol [Y] 03, anlys
Jow pl godS a5 lgie 4 Oladlae Sy o
O looylse (S yo s [V O] il ool asli i
Sy sy Sloladl Jleel cul Koo b Boo
G735 9 69939 e O JLo 4 g lizme sleasly
sgb 0l Cosal Pl Sl JEns slaazly (sl
bl a3l Sy Jlosl 36 as s op azpliz Jlis
S5 el jekie ay abgm 5l (et 5 0
sla el ol p3¥ il ade> Sl (295 o)
pladl b cwlite (oo jg0 GlSe azly ar bogy o (59959
o 2 ol Rl Caly o g v b oolas bles
Sl nl 30358 () IS g 9 51200590 9l
ol o (S5t b 5 SAabadl 36 s g S
b By bl ged ydy Sl Jaw o lasbs] Sl
SNy sleasly Lg) Jo (295 (o9 S5 g
sgkr wles ST Bibp (B3ls e Lo 1) (S3ely s
Field-SWAT 5l Ly [VY] o, Kes 5 Gitau e
ollyy a5 1, Jo 5,5 MATLAB o nls
A 3550 ey Loy Sk a—idi 4y 35 HRU
(Joe ol 5l awl p3Y 0 lge (B 5o Lol ols guess
Sloladl Cdel Jls lgae a5 0 S Jlas (o 110 |, HRUS

1 Soil and Water Assessment tool

Aodds L\

G52 Sl 3l = G3995,0—p sl Jo—s
LaJos ol aidboe ol mlie Sy pae g Gbos
Polalan bl ga 538 Coa by S0 Ay
ool byl LSl 5 0 iiS o S8 4>
s Aile) ez Dl s g 0 e Olala Sl
IVF] i3l ce ool 1, (oulsl
Sl SWATYH SLs ¢ o )l
sobaie 4y a5 Sl (658lg, 000551 SloJaw (5305 5
CaheS 5 CeS e Sl (58 ol
[V ] ol a8l dnmngs o SV ob dig 0,98 40 Ol
Ll 5 5 Lawlade 5l (egiie il 6l (55U 5
I8 A8 Y O] el 00 005051 550l 055> aons
Lol 51 oot sl & 45 ol (2508 i e
5 8999 S i m Laily; 35 Sln (S )S)
S Clax e dgr g 0l 550 y0 Sledbl (9,5
S g Conde slaghy; 9 (AL ds (IS0
S soan g eogei A asge s o )
Slge azy2 olS 9By (Dlg) ol S > L S e
sl yelily 55, 5 peins jsboar Joo (nl ;o 5 sdne
Sl S0l Joe cnl digd oo (g5lwdd (63959
5 S sass> (gilwdd g o3 w5 s
B0 Uah S e Wi Glas il b odezry
Slaslas a4 0B 1y oIS g cwl >l LB ol ol
dgn o ol i aile Jslse 5 o e iy
35 dod Joe nl 53 S go g Gl B« Sogl]
Golaws 4 4 b9 el (g3l Jow | dl> o sl
Ol a5t 9 (SIS ns el o5 wll oo a9 5
ol s e ooVl s Gl 5 9y e &)9—o
p—b oo Calde Sod 4 e ddde ) SG
shassly Jae ool 53 LS slausly 0 iS5
3l Sl o i (HRUS) S35l poun 25Ty



e Sl (S Atgn Soelgye (ST lanaly iy ya

L gy 9 5lse .Y

anflloo 3 g0 adlais Y.

Gl s )...’>u—| 059> 3l somd dslllas 5 50 adlais
SYEIYTEN 5 YR VY J i slo o ,e oo oS
oo &8lg OV WY Y gact vl v B 5 cla Job
ool iz s g s ar a9 cnl ol
ab sloatds 5 Sledbl 092 (el 5 (5 g e
HRUS (oLl SWAT Jowe (sl,>1 jshaie 4 coulin
Ol o coliae () JSTE) o Sl s Gy
St s Sl goytogl S A e dga o 4 Do
ddg> (nl Db or Dgmame 09 0k sladdg> 5
YVY e o e g 6l )| lawgio g 039  SliandsS
aibio b mhaa bl oo 9uoyd FA 5 L) mhass 5l e
09 (=2 g Sl (023 AF) (o2 o il (sl
G (oS dibaie g (65y9liS (Sl el g
w230 JSs |y Qb szl 059> o S| (S

2 &S W oo §ilwan i HRU Lulde o oblas
Ll oo jud Alien (wl HRUS (055 g &g
o)L ¢ Ghebremichael [YA] .,LSa 5 Veith
o) g Teshager 4 [V0] S 4 Kalcic [\Y]
e Bk 5 DA] LS ¢ Merriman ([Y0]
5 Sl gy HRUS 42 (559,5 oledbl [35ls 5,
JRPEER JURNIPRCHFHE PRI EJRCEK Ty "
Lo Gblie ;35 (55,525 slaa—ss> ;5 avsj
e b GliwnsS Bblis g 5985 2o 50 9 009 rrlans
ol aalllas 5 Bua el oo alouil glaslllas goiie
soke A SWAT Jos (695,9 Sledbl isls s ()
Joe sl (V diome 5 as gy« SLSe HRUS slox|
e 3 s Jies SIS HRUS azis oLl SWAT
o bl Joe 25,5 gl anglia (F 0ot ags
oobol 0ol (gileand gy 9 Sl b Joe o sl

il oo ¢ SliansS dilate o Jitus HRUS

I 1
50°40'0"F 50°50'0"F

()-'-A) tu:)‘
High : 4374

Low : 1778

s iaash ool A

o Ok o) A

1 |
51°00"F 51°100"F

36°200"N
1

36°15'0"N
1

z

z

12 16 ‘
Km

asfllae 5 yg0 ddibaie ) JSUS



\f’\ uLMM)lJ Y O)LAJ:J AN 0)56 ‘Q‘)J‘ ‘57.....]9 éJLnA dlm‘6)|o]m]5 é‘)"

1o (95 5 6995 slrodls azii )0 5 05 Sl
IY0] wsly glules LB Sl s

il 5 ot Ghey cnl G2l Ul

a4y 9 SWAT Jow Jgl ad> o glz1 N
255 Jie ololy lease> 5

00l )8 S slopsSl 6 NS e, Y
ass> 555 o2l

3 S caslliss ool ) SrsS slosFol plesl ¥
w9 pj 2 0 (LS 7

2 0 S slapsll i 1056l ¥
429> )

Sy Senp ay (HRU) (ol ass Joos 0

L g SWAT o5 w Jow o Jol e caolsl o
AL S g y5bods g se |y o0 asgs HRUS aiis
Ao 50 g =2l 65 4t Gl 4 LSy HsT e
p3Y Lol 09800 3 )ly Joo 4 S 4l lgie 4 oy
b s ol olad 4 gl Joe jo cl
s> HRUS (o o5 al> 5o 53 g 990 iy pof o d
S (o)l gl 6)5) el 4 o (gl aibinl
AL O jgo (nl 50 Sedge a8 I LA )0 o o
5l ool HRU i b Jae Lawgs 0oy oloel HRU
Sy waly LSy YU o oad S al e iy (ol2

HRUS iy o5 355 Sy szl 5 Lol Con
ArcGIS jlpl b asg> o 008 4 asxine 5 S
slrools jaass 4 gy oplcwl Jow gl l 5l s
3 et (e 4 by e HRUS @0 (635,55 e
HRU gl )3 )5 mls @] caddlas 5,50 4>
HRU zhw )3 (ol Gitianl s 2)8 Slts el
[Y8] oS o S8

Je ad 9! ‘...E.a Y.t
Jame l8le 5 (69559 slmosls (59,5 9)lg I
bl Joo slo )y sln (2800 s polie SWAT

! Alaska Satellite Facility

Jue $39)9 Oledb! LYY

Jao Jels Jas (sl gz s 3,90 SASe slaos
P S anky Lol Aldal s )5 and el )| (o008,
XAV/O <o bglas )] 058, Jow .09 Vide v o e wlido
AaE A jekaie au .o augs AFST 5l e VYO
LS S5 il lss LS 3] 58
90— ol>u| Google Earth 5l s g dadhie ¢ o5l
&l olgale polar 3l eolaiwl b Lol jidg g )5 asis
S e oMbl o ags YooY Lo 4 gy e TM
ol oS, 5w sad ag bS5
loools pizman [YF] ab zl s ul 5 sladlaie
Sloollinnl (5 09,960 5 (i GLL (emliilsn il
YAAG Y- gla i gl llas ailaie 4 Ly o
o e sl Sllllas i85 5 4558 litlon il 5
3o ool il 590 (sloolKi ] CuaBgo i 4 (wled)
S gy Soliany] sl 0a 03l L Sy S
G ddg> ey g Sy 50 i i Sl lws
g 2blg; slopite (silwancd 1o Joe <80 34 jelate

A ol G,

S 91 & )8 9 S i 5318 e XY
e
 FOSRYRE CH P JOS ERSRUIRPET X R DU
s gyen! 3 i e e Lk 5 HRUs SWAT
Oy Ais dgs 9 AICGIS by o Sledbl isls o,
ol o el ISz ol Jo ysbaie 4 HRUS 58
5 S lea i (il Gy anld gl 58 Giegly
e Jitue HRUS iy 15 gz o0l iianl s )08
ool 55 o bl ANCGIS 3l lags a_dg> 5 o 4o
HRU i slwl a0 Jowo i3l )0 (6,055 (b9,
)] el 65 el (639,5 ledll Lol o ol
gy 5 S HRUS o5 0 ouais (glaisS 4 S5



e 8lp (e A SSiglg 0 (iSTy slaoly by pai

2
R2 = Yit1(0i=0)—=(Pi=P) () aba
[T 0023 (Pi-Py? v
L, (0i-P)"*
nse = 1~ [FRGE] @
PBIAS = Zi=1§;=i:(‘;ii))*1_°°] () alal,

(Slhaol_in jlade :Oi wols slass N (558 Loy, ,o
polde Sl :G‘JJA Loy ool (g3l dcds Jlado P
Dl oo 0ads (g jlwads polie n Sl P« Sloaliv

c\b Y

5,59y 93 4l dde gl,zl N

5 (sotio) ol HRUS 0,554, 90 ;2 0
A el dud9 3 FY 4y alsge ol (SIS HRUS
S o Lojadle Wl Sey 50 HRUS (& a5 al> 0 jo
WS glp s, Ve ailinl o g oot aib O 18,5
P9y 00 s HRUAYY el (ol sl s )8
g S a_as Giloy i Jlds 4 G;Li.a HRUs
o Akl S 88 L o by (L) Glsls )8
HRU YFPY caiis a2 gl vus 0 ya0 allinl us
ooy 90 o bl p Iy HRU a e ¥ STl o ol
s oo olas

399 SleMbl 43 odd sl | Ol i Y.Y

025555 sl gy L HRU 4t s

adhis S g o)) idiel 0,5 Gledbl jo (6 s
300 W3 a5 jghailan Jow o lslinl gy jo Ll o S5 ol
> ol dS Wl wl o> G 8 5 ey o b b ass
Slgpiing d—o V- ([V] K s Winchell Lawgs
Iy abg> phaw | (s0S wuo )0 a5 baasly (B el 00l
5o Jle sy o plesl wings ools plaisl sgs 4

Sl 12l BB (2 3 A polie Gloa b Joe g 03 oo
S sl ) daie gl S sl cl g Ll
sebiie a4 ily cpl pools i) (sl sla el il
gy 5 (e o lond ¢ Jndly Bye5 5 o5 0yl
s Sz cgb, Hargreaves sla g, i id
Al ol 4 by e Sledlbl .o olssl Muskingum
09 a6 50 L g wlig) (o9 slwosls ulial
el o aslxe [Y] Allen g Arnold Lawgs ouls &1
iy 2 ol JeedllnSe ol el
St sS 4 azg5 b owl Cawds g, +/+ VY (alpha_bf)
5 amdg> Slly) 50 B 09l et g adlaie (1092
=Ll il B Azl )0 Wy (5,9,—0 £ slaadls
Bl 423 FIF e e )k g Led Ll g i e
L) Ll eslsS S (ol an s oo YYO 5 0I5
355 Slsa o8 Sl S5 4 o3 V] 0 48,5 Lk o
S it IS Lyl 4 5 035 HRU J| Jio o
33 o= Joo szl el g0 5o sl Galplis ol
Gubos (ol ol AT olel jlegdle av i aus 5 L
gy S HRUS 5 Sy, olulyy Joe s b))
HRUs Ll wlyp g0 bl &jen g0 4 Jow 12!
ly 5,0l 5l aBls ©yg08 Gl Ll il o S

b pll 0569, 99 2 sl Joe

ds 5 dug s Y0

ool 503 b g o lwlinl &g a LS Joe
Sygmas Yo VA=Y o v e 600 (gl oo oy o5 HRUS
bl ool (gilands gy g DUl o 1>l dlale
Uas aoy0 3 (NS) adSSlw (25 o(R?) cpns ol
Oz Ak dwslie Jlaslin slaesls L (PBIAS)
3 wlal g g3l Jowe bl aslie yobo 4 ol oyl
A eolaiwl (S8 HRUS g sogei0 HRUS) 0,505,

bl el s 1) Jae C8s 1953 g bl wol o
&S oo 2L, Y B Ly,



\f’\ UL».M..JL' Y O)Lo.:.} AN o)jb ‘U‘)"‘ 6'.....'0 éal...adl.?cngdﬂd;:.?u]s e}a

5 Sl oais ad 3 b o o gilidnd o SeSans > g0 2 gl =) Gibgl 6,5 ans ¥ Sl
30 SzeS slazly (B iy eed du 3 S 040 50 395 oo samlive JSb ;0 a5 jghailes .l o0 00 ,]
ladlas pads Joe (g 5lwans S 5 o mile olab (Jas o lasliul gl

50"4:)'0'[. 51“("0"1: 50:4:J'0"E 51“(:'0"]3

T
36°200"N
36°20'0"N
1

T
36°100"N

S

0 25 5 10 15 20

& HRU ‘ L ilometers z

(b) SO HRU 0,5595 9 (@) Jow 3 lailiw! (sigy (whwly ool slw | HRU alis .Y IS%

(ol oauid Ly 25 HRU b alss JB slacwond Ho)
1 1 ) T
50°40'0"L 51°0'0"E 50°400"C 51°00"E
N

g A b g

1
36°100"N

oy o el .

s & s Ok S

0 25 5 10 15 20
O E——— ilometers

r4 . B z
| £ S &L A
e

(b) S5 HRU 3,553, 9 (a) Joro 8 ylibowl gy wlinlp Joro baawgs ous aid )5 i 55 ool )| g/ 50,8 ¥ S
(023 o0 3L 1y 3 ylsbiowl cdlo 55 oud ples! b g, b i JB slacumd)



b 5y O)l59 Lamogi 00 4y T Dy (2135 ol
o Loy (ySilio g1 s shee YYAIYE L1 0¥ L
53 9 0/0F o b ul (g, y0 ase> IS (lp o
S95ams 5,5 plesl Yzl el cavs #V/+ po bg,
Jeds e labonl oy, 5o Adinl 0,18 slasaly Koo b
el gy Cnl 53 (G o)led (nSile (0l ReS
S Skl pae s plgi o ) Joo sl (IS ok
S 5 Lo i (5ol 55 b pie ol
ols Cod Jow izl a5l oo (g5laesls 51 b
35512 Gl b Sy plie (g5l 9550 50 [V]
S 03l glaaigad 105 G e Jao 35515 05
oligS olayg, SO yais ol o 4 el (o 00
IS 4 o] et g D0 oligS slagg, S el L G
ar i3l 051 Gt 5 90090 o5 LS a5,
o an wiles o (g Sojlasl slallas ogdle
Sl el Jsb )0 b cenlial (5l paiged oS ol
50 50 St [0] oo F, ol il
23,5 05 SWAT Jow jLoBlo 4y (ga9m; )b (2l

Evaporation and N A
PET Transpiration / ,’ /l " ”
1.0183 267.9 TR M T
| e S
£ 808
' Y SO A B
, Precipitation
¢ 17849/
O R
’ ' S S 4
P
’ I Y
9, & Bk
Root Zone

Vadose (unsaturated) |
Zone

Shallow {unconfined)
Aquifer

.-

v .
Deep (confined) - N a
Aquifer - TR IATRS, Recharps to deep aquiter

13.12

Average Curve Number

59.54

Je ¢ jleacd Cds vy
A 85 el LY VA=Y o v 0,00 6l Juo
s b oy | wilale & p5oas WARM UP L.,
Connd 3 a8 Slolis Jlosl b S 5 Joe (y0e5 0I5
dal c oy e Of (Dl polie oo 53 8
93 Slr Gk @ Slly) Cond 4S5y jeka (0 5 ¥ slafs)
5 IPY o Gaype3 HRU 3 s 5 o ikl s
4 gy 99 pelslp Gl IS 4 b ol ces
Joe b asgi [13] a0l yo el Gy +[SY 5 +/5F
b ol ooy [Ve] o)l sy <IVE L /2T s
585 ki o LR s EcoHydRology &S, g
Hargreaves s, bl b o awlxs +/0F o < /FF
Jlo 5oy (Lo YV g YPA iy o0l iy o5 HRU
VA o9y 99 2 el il 5555 9 555
Bly 305 9w polie o 3y5lp Jlw )0 e e
Realistic hydrology is the foundation of any model. Pay particular
attention to evapotranspiration, baseflow and surface runoff ratios.
Baseflow/streamflow ratios for the US are provided by the USGS, these

data are accessible via the button below. The ranges specified here
are general guidelines only, and may not apply to your simulation area

Show Avg. Monthly Basin Values Show US Baseflow Map

Messages and Wamings

Water yield may be excessive
Surface runoff may be excessive

Water Balance Ratios

Streamflow/Precip 062

Baseflow/Total Flow 0.66
Surface Runoff/Total low 0.34

Perc/Precip 033

Deep Recharge/Precip 0.02
ET/Precipitation 034
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Realistic hydrology is the foundation of any model. Pay particular
attention to evapotranspiration, baseflow and surface runoff ratios.
Baseflow/streamflow ratios for the US are provided by the USGS, these
data are accessible via the button below. The ranges specified here
are general guidelines only, and may not apply to your simulation area

Show Avg. Monthly Basin Values Show US Baseflow Map

Messages and Wamings

60.99 \Water yield may be excessive

Surface runoff may be excessive

Water Balance Ratios
Streamflow/Precip 0 62
Baseflow/Total Flow 063

Surface Runoff/Total Flow 0.37

Deep Recharge/Precip 0.02
ET/Precipitation 034

S0 HRU 3,509 ol 1 oud (g 3lwamnis ST D .0 S0

@ Soalad poe wlie ) 500 (K g A (S
39l p lisie sla by, Guiod cnl )0 09) 0 loid
D8 2l )5 gy azmw gz Goyb 5l g
Ot il Glgiedy bal s bawgas (b9, 5 <85
slogisy sl [V] 5 g paso e b ol s,
SEr iy ba—dg So o) Bl (moug w89l
Olse 4y bawo vy a> B9y 9 (s S
WSl g b oogr 00,5 sled—dun by, (ol
plsl o5 la2d 15w,y chile slags pSosluil el
poe 3l S Vb (s gloes o (lips s oo
sl (Bdgay 3591 i (sloiaalad
Slg; silwand b abal) )5 5550 slallas 529 L
P s 28 Jguo mli 4 4z i b ge) pogasu g
29 J93 3 90 o 9 Sy, polie glwar b
o o il [Vo] o Ken g Moriasi izl
Sy 5 Py polie lp AL (A5 g (Sion
oy <10 5| YL SWAT Jas Lanags o (g 5Lt
PBIAS oy, 5550 55 sl i gl mmlis wy

oAb (ol Sute polie g Sl fho jlade (p i

S0 5l S ol 0,905 sl MUSLE 3, 5| SWAT
Eg0e Ly 1055 oo o0laiwl dbg> 15 G 0 HRU

Joe 0,5 g0 Sl 10 adgm 5 IS g Ol 4,
S 0 woul oje> VA sleesls 5l solaw! L MUSLE
Ol psdd 295 4 g CBl anwgh 1S 0l sasie el
S |y adgm VA Gy, gyl 5o 00 samliie
shls ad9> G azilir nlpls V0] culos S
&P Sl (oo Bl (Folite gy JUHI o)l
O Salds a8l C ol e Cg) hig>
2 el gleeje> 5 Ll sl 059> sla Shs
oSS g9y Sl 28 Lalad onsite cbl g
sl 039y E 3l SLLS g Lz saolKiyl o

Sgy (_gl.ﬁoé‘é 45».0‘ 4 d>gf L: 0 )5.3 0)15.4 > 05)1.0
Slr 9 d—Soe s pSoslulole slass, 5 (B o S
u'.’.‘)"L“" ‘w S¢>g0 IR W) dﬁfo)‘w‘ ).’dl.me Lb)j) dod
45.).); 0)51).3 Lm)'a) )JL_.»..: (5‘)'.’ T D) ﬁélﬁ.@ 0A—
ol gy aziw sla gizis 5l osliiwl b Ygone

G 5l alis) ©jgme a4 oy polie 8yl 095 o



ashio bl b 3b ol slo ol )l pudais g o polas [Y+] Moriasi .o )ls Jawe )5l o5 5l colS>
plasl VL cdo Lo yste (g5l a s ( Slallas JB gy 9 DUy, sl |y oy Yo 5l S PBIAS
s anslin Ban 4ol 5l Gudow ol jo Lol g oo 10 L3 PBIAS polie wlwly cioes udls Jgud
192 Sl Ll B 50 HRU cyjai 9,509, 99 saalive 35515 05 (lwgzr olRiaal SUlg; 35515 8590

aid plol g clblas Sygp0 Jow Ggal IS el a3l 891 oo Joe 0)lge ple g 0

(Yoo ¥=YYA) HRU Gy 525 5,539 9 (wlusl 2 o0y (53 lsanid gy 9 Uil (sl (s30T il pd ) Jgur

S HRU o st sobel ol JUEL N S ey ud oK

-159 -y R?

- IPA .19 NS bl

sI8 $IY PBIAS

160 - 10F R? olwsz

N3 160 NS oy

Y/E SVY/A PBIAS

AIVE -1V R?

AIVE -1V NS bl

VIV Y PBIAS s

-19Y Nai R?

- 1%) Nai NS gy

€/ SV/EA PBIAS
abls 9551y o o piie :Sile (53lavannd 50 Jo Sl i (sl p 00 arle 5 ol slaasls
g deS polie Jow 0)lge ypiin o aSI o el 300,559, 99 (bl ool (gilwan g Slaalin
Slaal e polis jl meS 1) Gy g by an i sdel s bl & ax g5 b .l su 03,5l ¥ Jgax

Ll 035 (g3 lads ,lge plaw ;o Glicwsz oSl GUls, 52 (IS sk

(Yoo Y=Y VM) HRU (s 25 0,50 95 90 (wlwl p ool (5 5lwanscd g (Sloaliv polio &bl s esls Y Jouo

Sy Oliwg> ooy
S <Ly, S5 Ul
(Ul 55 &) (450 caSe o) (Ul 5 &) (456 aSeyie)
3
) - ) - ) - i) -
T K B T K 4 T K B T ki 4 {})
T T T 5 T
3 3 3 3 3 3 3 3 3 3 3 3 —
=y 2 L) "y 2 L) Ty 2 Y ) 2 Y —3)\
ZeYAY  OAYOYY  QYAQPY \YIVY \Y/A Y0 Yo-£4.  YFAYYY  YY.4pY Y/A Y/A MY u,i;L..a
YYY-YY  YYOAOA  Y-¥YOO Q4 4 V/A AMAa-Y INRY<4 ZYAOY < IY Ay VA Slam
AFfF-fO  qV-¥VF.  AaYfFAY 7\ OA 7f YAYAQD  YAYFY  YaVIAf £ yar YAIA SSlos
YooOVF  YA0VPH  YRIYNA VY Ve /A \Y/$ Yadao60o YaniA ARIAARN YIY Y/ AN S 81l




\f’\ UL.M..)L Y e)l.o.,.':: AN 0)56 5Q‘JJ‘ @...Ja é:l.u.a 412&56)‘0]:2}15 é:),o

bhougas Slass o (Y 97 sl JSi ¥ ) Jslox)
[YO] <), 4 Teshager 4 [V0] «)),See 4 Kalcic
2 HRUS (3905 (GLSe )3 () cnl ) 5 0 ploxdl
o oslial (65,5LaS e 615 Jlgmn s iblie
sl mbs alie 5 Joud BB (g, crl 5l ool gl

Sgr o lailiwl cdls yo Jae

200000 .

o

1150000 o

2 "

5 .

ey .

Y 100000 e
2 (
2 ¢
T 9..
M, 50000

0
0 50000 100000 150000 200000

e )
sl R ey

2

o)y 9 Sllgy polie Vg 7 glaJSb el

ooy b awnlie o SIS HRUS uliol y ool (g 3luans
o] o B 1l aS 0gy iy soS 8 sl
2 I ok g Foseie ads> (295 50 Bly SIS
Soley HRU 0,505, 90 (wl—uly Jow goli a —lis
s odaline cll> g0 (gl Jow 80 0 wg—zno

40
®.
.

J el
5 30 .
3 o
2
2 ]
Y 20 G‘g"
o
[+
I
3 10

0

0 10 20 30 40

sl Jhay ol

Oliwg ol ( J50 HRU g 8 luaibiwl (figy 4 ool (g3bw s (Jlw 33 (5F) Cgmw) 9 (4l caxSo o) lilg ) S 4y Syl ges F S

500000 -
[ ]

1: 400000

): o®.

300000 e

3
o
2 200000 @
g f

)

100000 /
0
0 100000 200000 300000

400000 500000

s s e

60 L]
°®

. °
7'\
2
). 40 ®
o -]
> "
o
E 20
Y

0

0 20 40 60

3kl i) a Ol

SClS 0Bl ¢ G380 HRU g 5, luiliwl (fog ) 4 o0 (g5l danid (JLw 58 (F) Cgmy 9 (4l 2 oo yio) Glilgy S a9 SO Hlaged .V IS

4 yamie golul (28,5 L5 )5 5 LBl il 655
B A Ade ) e 0 S sleasly lp o)
ol ool ead (g5lma s gy g Slly, polie
AW o lailiwl (og, b anglas ;o0 5 090 sihato 0 S,
Qilgl oo g 009 pdyBllasil 0,54, pl.cuils oS )l

&S dms g Lo .§

S gl ool 0,809, S Gudmi ol o
HRU a_zdi g o 353 SWAT Joe ;o HRUS (0,8

9 S lea o Silon o ok 5l 058 i



ailo G Gy ye (pl b oad gl <> s HRU
@ 5o Suo Bl Jae 285 p 6,86 o
oo bl 5,505, 99 2 bl oo silwan
b o bl clls 45 oSy sk s co Lt |, SWAT
s oSan HRUS (58,8 i 55 5 adlial a> iyl
5 83 b gilmand assm s G 0wy G lee
Y lpe (B 50 Lo o plonil (oilie Cie
Sl o yiass o HRUS JlSe cledl b el
SlalaBl o —ass g e S HRUS slas LS
o HRU gl s o Jow g3 cdlyys 5 (oo
ol )5 Dlyess silaned jo Wl oo )
Copome diile Sldllas )0 HRU mha oy s
s Ji 35 i Y] S| Slass abanaiy
Gan 5 [YY] SWAT e b jyme Lsle g, 57 ey
! ds aS bl conaglsl § Supliul g A8
5o g oolaiwl JA] wijlo 5ls ol i pae Slaladl
Guios ol oo asll ey 5l eolaiwl oLyl
5 8L g (S SuaBae B Ly &S 5900
Slls § SasS gloass 5wl Coenl glls HRUS
Sl canlio B0 L 00l (g So 3l 4yl ledllol

g s

plxl Bus & 4z g5 b 5 6,500 185 9,50 550 2 bl
o0, S8 V0] e g Kalcic Jls gly 09—
09y %9 =) ey oy el |, HRUs
aS Slellao aisls plasl ,ole 5o g, 4l e
5 D oS Bblie ;0 00 b plail (A, (pl b S
ol Geizs nl o Sl o c il oogs lgen L s
A pll ol glaaaels b glivasS ddlain o s,
3 e abeb S 28,5l o Jolb mll a azg Ly
Glw o cds p Slaas 36 HRU sl Jol e
[YV] o)), Ken 5 Yacoub Lowgs a5 glasdlas jo .cuilas
O SWAT g5leJow 85 5 Pl oy o jolaie
Slib 25,5 a s Wil alxil Sl dilais
oS o o andl il bt gm0 6,50 e
CBS o Slad Gy pai 09y o5 Loa b9 5 olass
Slaws g5 e Slinds 1y 0l Gial3sl | g 3lwapds
s e Sile S ygo i 43 5 9 oo Ll |, HRU
S0 Jae by gilwans > 0 HRU ;2 (6l
Y 03l S (_9"‘9'7"’ k.)"‘ 5o 45‘5’L7UT )| 09..»&5,0 M;
397 4 | adg> I (orrmg has 45 1150 9 09 s
Godil peal S0 g, 4 Og odls ol _ais

VEFY ol olal B HRU olasy azecs (o cadai

References

[1] Agricultural Jihad Organization of Tehran. (2013). Detailed Studies of Garap Gateh Deh Watershed, 32p

(in Persian).

[2] Arabkhedri, M., Hakimkhani, S. and Nikkami, D. (2002). Comparison of Several Statistical Methods of
Estimating Suspended Load in a Basin with Snow and Rain Regime. A research project, Soil Conservation
and Watershed Management Research Institute, 63p (in Persian).

[3] Arnold, J.G. and Allen, P.M. (1999). Automated methods for estimating baseflow and groundwater
recharge from streamflow records. JAWRA J Am Water Resour Assoc, 35,411-424.

[4] Bekele, E.G. and Nicklow, J.W. (2005). Multi-objective management of ecosystem services by

integrative
Water Resour Res, 41(10), 10p.

watershed modelling and evolutionary algorithms: management of ecosystem services.



\f’\ ULMM)L Y O)LA.J:J AN 0)56 ‘01);‘MGLA412A‘6)|0]®]5@)4

[5] Bieger, K., Hormann, G. and Fohrer, N. (2014). Simulation of Streamflow and Sediment with the Soil and
Water Assessment Tool in a Data Scarce Catchment in the Three Gorges Region, China. Journal of
Environmental Quality, 43(1), 37-45.

[6] Bressiani, D.A., Gassman, P.W., Fernandes, J.G., Garbossa, L.H.P., Srinivasan, R., Bonuma, N.B. and
Mendiondo, E.M. (2015). A review of SWAT (Soil and Water Application Tool) applications in Brazil:
challenges and prospects. Int J Agric Biol Eng, 8, 9-35.

[7] Cao, W., Bowden, W.B., Davie, T. and Fenemor, A. (2006). Multi-variable and multi-site calibration and
validation of SWAT in a large mountainous catchment with high spatial variability. Hydrol. Processes,
20, 1057-1073.

[8] Daggupati, P., Douglas-Mankin, K.R., Sheshukov, A.Y., Barnes P.L. and Devlin, D.L. (2011). Field-level
targeting using SWAT: mapping output from HRUSs to fields and assessing limitations of GIS input data.
Trans. ASABE, 54, 501-514.

[9] Douglas-Mankin, K.R., Srinivasan, R. and Arnold, J.G. (2010). Soil and Water Assessment Tool (SWAT)
model: Current developments and applications. Trans ASABE, 53, 1423-1431.

[10] Fuka, DR., Walter, M.T., Archibald, JA., Steenhuis, T.S. and Easton ZM. (2015). A community
modelling foundation for Eco-Hydrology.

[11] Gassman, P.W., Reyes, M.R., Green, C.H. and Arnold, J.G. (2007). The soil and water assessment tool:
historical development, applications, and future research directions. Trans. ASABE, 50, 1211-1250.

[12] Ghebremichael, L.T., Veith, T.L., Hamlett, J.M. and Gburek, W.J. (2008). Precision feeding and forage
management effects on phosphorus loss modelled at a watershed scale. Journal of Soil and Water
Conservation, 63(5), 280-291.

[13] Gitau, M.W., Veith, T.L. and Gburek, W.J. (2004). Farm-level optimization of BMP placement for cost-
effective pollution reduction. Trans. ASAE, 47(6), 1923-1931.

[14] Johnston, R. and Smakhtin, V. (2014). Hydrological Modeling of Large River Basins: How Much is
Enough? J of Water Resour Manage, 28, 2695-2730.

[15] Kalcic, M.M., Chaubey, I. and Frankenberger, J. (2015). Defining Soil and Water Assessment Tool
(SWAT) hydrologic response units (HRUs) by field boundaries. International Journal of Agricultural and
Biological Engineering, 8(3), 69-80.

[16] Krysanova, V. and White, M. (2015). Advances in water resources assessment with SWAT an overview.
Hydrol Sci J, 60(5), 771-783.

[17] MATLAB version 7.14.0. Natick, Massachusetts: The MathWorks Inc. (2012).

[18] Merriman, K.R., Russell, A.M., Rachol, C.M., Daggupati, P., Srinivasan, R., Hayhurst, B.A. and
Stuntebeck, T.D. (2018). Calibration of a field-scale Soil and Water Assessment Tool (SWAT) model
with field placement of best management practices in Alger Creek, Michigan. Sustainability, 10(3), 1-23.

[19] Moradi Pour, SH. (2011). Soil erosion and sediment transport simulation using spatially distributed
hydrological WetSpa model in Taleghan watershed, Alborz province. a Thesis of M.Sc. Gorgan
University of Agricultural Sciences and Natural Resources, 149p (in Persian).

[20] Moriasi, D.N., Arnold, J.G., Van Liew, M.W., Binger, R.L., Harmel, R.D. and Veith, T. (2007). Model
evaluation guidelines for systematic quantification of accuracy in watershed simulations. Transactions of
the ASABE, 50(3), 885-900.

[21] Neitsch, S.L., Arnold, J.R. and Williams, J.R. (2005). Soil and water assessment tool theoretical
documentation. 647p.



e 8lp (e A SSiglg 0 (iSTy slaoly by pai

[22] Ng, T.L., Eheart, J.W., Cai, X. and Braden, J.B. (2011). An agent-based model of farmer decision-making
and water quality impacts at the watershed scale under markets for carbon allowances and a second-
generation biofuel crop. Water Resources Research, 47, 17p.

[23] Pai, N., Saraswat, D. and Srinivasan, R. (2011). Field_SWAT: a tool for mapping SWAT output to field
boundaries. Computers & Geosciences, 40, 175-184.

[24] Refahi, H., and Sarmadian, F. (1993). Taleghan Watershed Studies. Tehran Regional Water Organization,
73p (in Persian).

[25] Teshager, A.D., Misgna, G., Gassman, P., Secchi, S., Schoof, J. and Misgna G. (2016). Modeling
agricultural watersheds with the Soil and Water Assessment Tool (SWAT): Calibration and Validation with
a Novel Procedure for Spatially Explicit HRUs. Journal of Environmental Management, 57,894-911.

[26] The Office of Water Resources Basic Studies. (2015). Studies on Updating the Water Balance of Sefidrud
Watershed, 69p (in Persian).

[27] Tuppad, P., Douglas-Mankin, K.R., Lee, T., Srinivasan, R. and Arnold, J.G. (2011). Soil and Water
Assessment Tool (SWAT) hydrologic/ water quality model: extended capability and wider adoption.
Trans ASABE, 54, 1677-1684.

[28] Veith, T.L., Sharpley, A.N. and Arnold, J.G. (2008). Modelling a small, northeastern watershed with
detailed, field-level data. Trans. ASABE, 51(2), 471-483.

[29] Winchell, M., Srinivasan, R.Di., Luzio, M. and Arnold, J. (2013). User’s Guide, ArcSWAT Interface for
SWAT 2012.

[30] Williams, J.R. (1975). Sediment routing for agricultural watersheds. Water Resour. Bull, 11,965-974.

[31] Yacoub, C. and Foguet, A.P. (2013). Slope Effects on SWAT Modeling in a mountainous Basin. Journal
of Hydrologic Engineering, 18(12), 1663-1673.



https://pubmed.ncbi.nlm.nih.gov/?term=Misgna%20G%5BAuthor%5D
https://www.researchgate.net/journal/Journal-of-Hydrologic-Engineering-1084-0699
https://www.researchgate.net/journal/Journal-of-Hydrologic-Engineering-1084-0699

Accepted: 2022-08-25

Received: 2022-06-20

pp. 213-226

Defining spatially continuous Hydrological Response Units for
hydrological modelling in a mountainous watershed with SWAT
(Case Study: Taleghan watershed)

%

» M. Haji Mohammadi; PhD candidate in watershed Management sciences and engineering, Faculty of Natural
Resources, University of Tehran, Karaj, Iran.
A. A. Nazari Samani®; Associate Professor, Faculty of Natural Resources, University of Tehran, Karaj, Iran.

» A. Zare Garizi; Assistant Professor, Faculty of Rangeland and Watershed Management, Gorgan University of
Agricultural Sciences and Natural Resources, Gorgan, Iran.

H. Keshtkar; Assistant Professor, Faculty of Natural Resources, University of Tehran, Karaj, Iran.
M. Arabkhedri; Professor, Soil Conservation and Watershed Management Research Institute, Tehran, Iran.

A. Sadoddin; Associate Professor, Faculty of Rangeland and Watershed Management, Gorgan University of
Agricultural Sciences and Natural Resources, Gorgan, Iran.

7
L4

DS

X/ 7
L X GIR X 4

7
X4

D)

The SWAT model is widely used to simulate watersheds and evaluate the impact of conservation
watershed management practices. In this model, the simulation of the watershed processes is
based on hydrological response units (HRUs) which are created by overlaying land use /land
cover, soil and slope maps. Meanwhile, in the HRUs definition steps, these units become
conceptual and lose their spatial location and continuously. This approach is a useful and often
inevitable way to simulate large and heterogeneous watersheds in terms of computational
efficiency. However, if the aim is spatializing and evaluating the effectiveness of management
methods on runoff, sediment and other pollutants in medium to small basins, it is necessary to
know the exact location of HRUs. The purpose of conducting this study was present a new

approach to defining spatial and independent HRUs and compare the simulation results based
on this method with the standard form of the model. In the new approach, independent and spatial
HRUs are defined through pre-processing procedures in GIS and uniquely named soil units. The
model results of both approaches were very similar and no significant difference was observed in
the model outputs in Taleghan watershed. The Nash-Sutcliffe coefficient of the simulated runoff
and sediment at the outlet with the standard approach was 0.75 and 0.64, respectively. While, it
was obtained 0.74 and 0.61, respectively for the new approach. The definition of spatial HRUs
by applying the proposed method provides more tangible and practical outputs, which is more
beneficial for identifying the critical areas as well as locating conservation practices compared to
the conceptual HRUs approach.

Keywords: Taleghan watershed, SWAT hydrological model, hydrological response units,
management practices, independent HRUS .
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